Properties Of Biocompatible Mg-Zn Alloy Based Hybrid Composite Fabricated By Powder Metallurgy by Ab Rashid, Nazirah
PROPERTIES OF BIOCOMPATIBLE Mg-Zn 
ALLOY BASED HYBRID COMPOSITE 
FABRICATED BY POWDER METALLURGY 
 
 
 
 
 
 
 
 
 
 
 
NAZIRAH BINTI AB RASHID 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI SAINS MALAYSIA 
2020  
 PROPERTIES OF BIOCOMPATIBLE Mg-Zn ALLOY BASED HYBRID 
COMPOSITE FABRICATED BY POWDER METALLURGY 
 
 
 
 
 
 
 
by 
 
 
 
 
 
 
 
 
NAZIRAH BINTI AB RASHID 
 
 
 
 
 
 
 
 
 
 
Thesis submitted in fulfilment of the  
requirements for the degree of  
Doctor of Philosophy 
 
 
 
 
 
 
 
 
 
 
 
 
JUNE 2020
2 
 
ACKNOWLEDGEMENT 
 
 
Firstly, I wish to thank Allah S.W.T for giving me the opportunity to embark 
on my PhD and for completing this long and challenging journey successfully. I would 
like to express my sincere gratitude to my supervisor Prof Ir. Dr Zuhailawati Binti 
Hussain for providing invaluable guidance, comments and suggestions throughout 
from the beginning until the final stage of research study and thesis writing. I also 
thank to my co-supervisor, Dr Tuti Katrina Binti Abdullah and Dr Siti Noor Fazliah 
Binti Mohd Noor for the helpful advices and support during my studies. I also thankful 
to Dr Anasyida Binti Seman @ Ahmad (Universiti Sains Malaysia (USM))and Dr 
Azzura Binti Ismail (Universiti Tun Hussain Onn (UTHM)) for their helping in thesis 
writing. 
 I am deeply thankful to Universiti Sains Malaysia for giving me this  
opportunity of being a postgraduate student in SMMRE. I also thanks to Dean, 
lecturers, administrative and technicians staff for their various contributions to ease 
this project. Also thank to School of Mechanical and technicians for giving me 
opportunity to use their equipment’s. I also would like to thank the Ministry of Higher 
Education that provides the financial support through the My Brain15 (My PhD) 
scholarship, FRGS and Bridging research grant. 
A special works of thanks to my family who encouraged me and prayed for me 
throughout the time of my research. This thesis is victory dedicated to all of them. Last 
but of course not least, I wish to thank all those who had shared their experience, 
knowledge and opinion with me which help me to complete my thesis. Thank you so 
much and I pray that may Allah always bless all of them along this life.  
3 
 
TABLE OF CONTENTS 
 
Page 
ACKNOWLEDGEMENT ii 
TABLE OF CONTENT iii 
LIST OF TABLES  ix 
LIST OF FIGURES  xii 
LIST OF ABBREVIATION  xix 
LIST OF SYMBOLS xxi 
ABSTRAK xxii 
ABSTRACT xxiii 
 
CHAPTER ONE: INTRODUCTION 
1.1  Introduction 1 
1.2 Problem Statement 6 
1.3  Objectives 7 
1.4  Research Outline 8 
1.5  Scopes of Thesis 9 
 
CHAPTER TWO: LITERATURE REVIEW 
2.1  Introduction to Biomaterial 10 
2.2  Requirements of Biomaterials  13 
 2.2.1  Mechanical Properties Requirements  13 
4 
 
  2.2.1 (a) Adequate Strength 13 
  2.2.1 (b) Modulus Equivalent to Bone 14 
2.2.1 (c) High Wear Resistance 15 
2.2.2     Non-Mechanical Properties Requirements 16 
2.2.2 (a) Biocompatibility 16 
2.2.2 (b) High Corrosion Resistance 17 
2.2.2 (c) Osseo- integration 18 
2.3      Metallic Biomaterial 19 
2.3.1 Magnesium Alloy  22 
2.4    Biological Effect of Alloying Element 24 
2.4.1  Zinc as alloying element 27 
2.5     Ceramic Biomaterial 30 
2.5.1  Hydroxyapatite  34 
2.5.2 Alumina 37 
2.6 Polymeric Biomaterial 38 
2.7 Composite Biomaterial 39 
2.8 Hybrid Composite for Biomaterial 40 
2.9 Fabrication of Magnesium Alloy Based Composite by Powder  40 
Metallurgy and Mechanical Alloying Process 
 2.9.1 Compaction 43 
2.9.2 Sintering 44 
2.10   Corrosion Studies 45 
2.10.1 Types of Corrosion Occurs in Mg and Mg Alloys Implants  46 
  2.10.2 Electrochemical Reactions Using Tafel Extrapolation  48 
5 
 
   of Polarization Resistance   
 2.10.3    Weight Loss Methodology 49 
2.11 Wear  50 
2.11.1 Mechanism of Wear 51 
2.12  Summary 54 
 
CHAPTER THREE: RESEARCH METHODOLOGY 
3.1  Introduction  58 
3.2  Raw Materials  60 
3.2.1  Magnesium, Zinc, Hydroxyapatite and Alumina 60 
3.2.2  n-heptane 60 
3.3  Preparation of Mg-Zn/HAP/Al2O3 Composite using Mechanical Alloying 61 
3.3.1  Compaction 63 
3.3.2  Sintering 64 
3.4  Characterization 64 
3.4.1  X-Ray Diffraction 64 
3.4.2  Microstructure Study 66 
3.4.3  Density Measurement  66 
3.4.4  Microhardness Measurement  67 
3.4.5  Compression Test 67 
3.4.6  Corrosion Test  68 
3.4.6 (a) Weight Loss Measurement: Immersion in Hanks’s  68 
Balance Salt Solutions (HBSS) 
3.4.6 (b) Electrochemical Polarization by Tafel Extrapolation  70 
6 
 
3.4.7  Wear Test 73 
3.4.8  Particle Size Analyser  75 
 
CHAPTER FOUR: RESULTS AND DISCUSSION 
4.1  Introduction 76 
4.2  Characterization of Raw Materials 68 
4.3  Effect of HAP and Al2O3 Composition on Mg-Zn Alloy Hybrid  79 
 Composite Properties  
4.3.1  XRD Analysis  79 
4.3.2 Microstructure analysis   80 
4.3.3 Density Measurement  84 
4.3.4  Hardness Measurement 85 
4.3.5  Compressive Strength    87 
4.3.6  Corrosion Properties 88 
4.3.6 (a) Polarization Test 88 
4.3.6 (b) Weight Loss Measurement 92 
4.3.6 (b) (i) Macroscopic Appearance for 2 h and 4 h  95 
Immersion Time 
4.3.6 (b) (ii) SEM and EDX Analysis for 2 h Immersion Time 97 
4.3.6 (b) (iii) XRD Analysis for 2 h Immersion Time 100 
4.3.6 (b) (iv) SEM and EDX Analysis for 4 h Immersion Time 101 
4.4.6 (b) (v) XRD Analysis for 4 h Immersion Time   104 
4.3.7  Wear Properties       105 
7 
 
4.3.7 (a) Volume Loss                 105
 4.3.7 (b) Specific Wear Rate                 109 
4.3.7 (c) Coefficient of Friction              111 
4.3.7 (d) Worn Surface Using Load 30 N for Composite  115 
  with Different HAP and Al2O3 Content   
4.3.7 (e) Worn Surface for 5 wt. % Al2O3 Composite with 118 
Different Load (5, 10, 30 and 50 N) 
4.3.7 (f) EDX Analysis 119 
4.4  Effect of HAP and Al2O3 Ceramic Content on Mg-Zn Alloy 121 
  Hybrid Composite  
4.4.1 XRD Analysis  121 
4.4.2 Optical Microscopy      121 
4.4.3 Density Measurement  124 
4.4.4 Hardness Measurement 125 
4.4.5 Compression Properties    127 
 4.4.6 Corrosion Properties 128 
  4.4.6 (a) Polarization Test 128 
4.4.6 (b) Weight Loss Measurement 131 
4.4.6 (b) (i) Macroscopic Appearance for 2 h and 4 h 134 
 Immersion Time 
4.4.6 (b) (ii) SEM & EDX Analysis for 2 h Immersion  136 
Time  
4.4.6 (b) (iii) XRD Analysis for 2 h Immersion Time 140 
   4.4.6(b) (iv) SEM & EDX Analysis for 4 h Immersion  141 
8 
 
Time  
4.4.6 (b) (v) XRD Analysis for 4 h Immersion Time 143 
4.4.7 Wear Behaviour 144 
4.4.7 (a) Volume Loss 144 
4.4.7 (b) Specific Wear Rate 147 
4.4.7 (c) Friction Coefficient 149 
4.4.7 (d) SEM and EDX Line and Mapping 153 
4.4.7 (e) Worn Surface of Mg-Zn Alloy Hybrid Composite  156 
 under 30 N  
4.4.7 (f) Worn Surface of Mg-Zn Alloy Hybrid Composite  157 
with Different Load  
 
CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS 
5.1 Conclusions 160 
5.2  Recommendations   162 
REFERENCES 163 
LIST OF PUBLICATIONS 
 
 
 
 
 
 
 
9 
 
LIST OF TABLES 
 
Page 
Table 2.1:   Mechanical and physical properties of natural bone  12 
   and some implant materials in biomedical application 
   (Staiger et al., 2006; Zhao et al., 2016) 
 
Table 2.2:  The mechanical properties of different tissues compared with  14 
  current biomedical magnesium alloys and traditional biomaterials  
  (Gu & Zheng, 2010) 
 
Table 2.3:  Metallic materials advantages, disadvantages and application 21 
 (Radha & Sreekanth, 2017) 
 
Table 2.4:  Categories of alloying element used in Mg alloy 26 
 (Radha & Sreekanth, 2017; Bommala et al., 2018) 
 
Table 2.5:  Solubility limit that used as an alloying elements in Mg 27 
 (Chen et al., 2014) 
 
Table 2.6:  Physical properties of Zn (Campbell, 2008; 27 
 Mezhabul et al., 2014) 
 
Table 2.7:  The various of Mg-Zn based alloy reported in literature review 29 
  that used in biomedical application 
 
Table 2.8:  Biomedical application of bio ceramics (Thamaraiselvi &  32 
Rajeswari, 2004)  
 
Table 2.9:  Mechanical properties of features bioceramics biomaterial  32 
  (Tan et al., 2013) 
10 
 
Table 2.10:  The properties of HAP ceramic (Ratner et al., 2013)  34 
 
Table 2.11:  The effects of HAP that added into Mg and Mg-Zn matrix  35 
 
Table 2.12:  The properties of Al2O3 (Saravanakumar et al., 2018) 37 
 
Table 2.13:  Comparison of compaction parameters  44 
 
Table 3.1:  Physical properties of Mg, Zn, HAP and Al2O3   60 
 
Table 3.2:   Physical properties and details of n-heptane     61 
 
Table 3.3:  Composition of raw materials for studying the effect of  62 
  HAP/Al2O3 ratio 
 
Table 3.4:  Composition of raw materials for studying the effect of ceramic  62 
content with HAP/Al2O3 ratio 2:1  
 
Table 4.1:  Average particle size of Mg, Zn, HAP and Al2O3 powders  79 
 
Table 4.2:  EDX analysis for Mg-Zn/HAP/Al2O3 composite  82 
 
Table 4.3:  Average grain size for Mg-Zn/HAP/Al2O3 composite  84 
 
Table 4.4:  Result for theoretical, relative density and percentage porosity   85 
for Mg-Zn/HAP/Al2O3 composite 
 
Table 4.5:   Electrochemical profile for Mg-Zn/HAP/ Al2O3 composite  89 
 
Table 4.6:  Weight loss by immersion test for Mg-Zn/HAP/Al2O3 composites  95 
 
Table 4.7:  EDX analysis for Mg-Zn/HAP/Al2O3 hybrid composite with  100 
11 
 
different amount of HAP and Al2O3 after immersion in HBSS  
solution for 2 h 
 
Table 4.8:  EDX analysis for Mg-Zn/HAP/Al2O3 hybrid composite with 104 
fixed HAP and Al2O3 content for 15 wt. % after immersed in  
HBSS solution for 4 h 
 
Table 4.9:  EDX analysis for 0 wt. % Al2O3 composite  125 
 
Table 4.10:  Result for theoretical density, sintered density, relative density  125 
and porosity for Mg-Zn/HAP/ Al2O3 composite 
 
Table 4.11:  Values measured from potentiodyamic test of Mg-Zn/HAP  131 
/Al2O3 hybrid composite 
 
Table 4.12:  EDX analysis for Mg-Zn/HAP/Al2O3 hybrid composite with 140 
  various of HAP and Al2O3 content after immersed in HBSS  
solution for 2 h 
 
Table 4.13:  EDX analysis for Mg-Zn/HAP/Al2O3 hybrid composite with  143 
several of HAP and Al2O3 content after immersed in HBSS 
solution for 4 h 
 
 
 
 
 
 
 
 
12 
 
LIST OF FIGURES 
 
 
Page 
Figure 2.1:   Modulus of elasticity of biomedical alloys (Andani et al., 2014) 12 
 
 
Figure 2.2:  Illustration of stress shielding in hip joint fracture 15 
 (Ridzwan et al., 2007) 
 
Figure 2.3:   Interactions between material, host and the application materials  17 
are important in biocompatibility (Wataha, 2001;  
Geetha et al., 2009) 
 
Figure 2.4:  Global biomaterial market share, by material (Geography, 2016) 19 
 
 
Figure 2.5:  Ankle implant from metallic biomaterials (Hermawan et al., 2011) 20 
 
 
Figure 2.6:  Application of Mg based metallic screw used in human body  23 
(Waizy et al., 2014) 
 
 
Figure 2.7:  Alloy design of Mg (Chen at al., 2014; Radha & Sreekanth, 2017) 25 
 
Figure 2.8:  Phase diagram for Mg-Zn alloy (Yao et al., 2014) 28 
Figure 2.9:  Clinical used for bioceramic (Cerruti & Sahai, 2006) 33 
 
Figure 2.10:  The example of polymeric biomaterials used in human body  39 
  (Teo et al., 2016) 
 
 
Figure 2.11:  The mechanism for mechanical alloying (MA) that occur in  41 
 composite (Suryanarayana et al., 2001). 
 
Figure 2.12:  Powder metallurgy part and method to compacting cycle  43 
 
 
Figure 2.13:  Corrosion process through anodic and cathodic component   49 
13 
 
 of corrosion (Shi & Atren, 2010) 
 
Figure 2.14:  The two body abrasion and three body abrasion in abrasive wear  52 
 (Dodiya & Palmar, 2016; Li, 2019) 
 
Figure 2.15:  Adhesive wear mechanism occurs by material transfer (Li, 2019) 53 
 
Figure 2.16:  Schematic of oxidation wear process (Li, 2019) 53 
 
Figure 3.1:  Flow chart of the project  59 
 
Figure 3.2: Planeraty mill and jar for fabrication using powder metallurgy 63 
 
Figure 3.3:  Temperature profile for sintering process  64 
 
 
Figure 3.4:  The method to produce XRD  65 
Figure 3.5:  A submerged sample in simulated body solution (HBSS solution)  69 
 
 
Figure 3.6:  Flow chart for in vivo bioactivity test  70 
 
 
Figure 3.7:  Sample preparation for electrochemical polarization testing  72 
(a) samples after soldered (b) mounting (c) after mounting and  
samples (d) needed to grind, polish and testing for electrochemical  
test 
 
 
Figure 3.8:  The actual experiment electrochemical set up for polarization tests 72 
 
 
Figure 3.9:  Schematic diagram of electrochemical polarization corrosion test 73 
 
 
Figure 3.10:  Pin disc wear testing machine      74 
 
 
Figure 4.1:  XRD spectra and SEM image of starting materials (a) Mg (b) Zn  77 
(c) Al2O3 (d) HAP 
14 
 
 
Figure 4. 2:  The XRD pattern of Mg-Zn/HAP/ Al2O3 composites with 80 
 different amount of HAP and Al2O3 (a) 0 wt. % Al2O3  
(b) 5 wt. % Al2O3 (c) 10 wt. % Al2O3 (d) 15 wt. % Al2O3 
 
Figure 4.3:  SEM micrograph for (a) 0 wt. % Al2O3, (b) 5 wt. % Al2O3,  82 
  (c) 10 wt. % Al2O3 and (d) 15 wt. % Al2O3 
 
Figure 4.4:  Optical micrograph for Mg-Zn/HAP/ Al2O3 with (a) 0 wt.%  84 
(b) 5 wt.% (c) 10 wt.% and (d) 15 wt.% Al2O3 
 
Figure 4.5:  Variation in microhardness with Al2O3 content for   86 
Mg-Zn/HAP/Al2O3 composite with 15 wt. % total ceramic content 
 
Figure 4.6:  Compressive strength of Mg-Zn/HAP/Al2O3 composite with  87 
  different amount of HAP and Al2O3 
 
Figure 4.7:   Polarization test for Mg-Zn/HAP/ Al2O3 composite  88 
 
Figure 4.8:  Weight loss by immersion test for Mg-Zn/HAP/Al2O3  95 
  composites for 2 and 4 h immersed in HBSS solution 
 
Figure 4.9:  Images of corrode Mg-Zn/HAP/Al2O3 after immersion test of  96 
2 and 4 in HBSS solution 
 
Figure 4.10:  SEM Image Mg-Zn/HAP/ Al2O3 for 2 h immersed in HBSS 98 
   (a) 0 wt. % (b) 5 wt. % (c) 10 wt. % and (d) 15 wt. % Al2O3 
 
Figure 4.11:   The EDX and image of Mg-Zn/HAP Al2O3 after immersion  100 
test for 2 h 
 
Figure 4.12:  XRD analysis for Mg-Zn/HAP/ Al2O3 after immersed in   101  
15 
 
HBSS 2 h (a) 0 wt. % Al2O3 (b) 5 wt. % Al2O3 (c) 10 wt. % Al2O3  
(d) 15 wt. % Al2O3 
 
Figure 4.13:  SEM Image Mg-Zn/HAP/ Al2O3 for 4 h immersed in  102 
HBSS (a) 0 wt. % Al2O3 (b) 5 wt. % Al2O3 (c) 10 wt. % Al2O3 
  (d) 15 wt. % Al2O3  
 
Figure 4.14:   The EDX and image of Mg-Zn/HAP Al2O3 after immersion test    104 
for 4 h  
 
Figure 4.15:  XRD analysis for Mg-Zn/HAP/ Al2O3 after immersed in   105 
HBSS 4 h (a) 0 wt. % Al2O3 (b) 5 wt. % Al2O3 (c) 10 wt. % Al2O3 
  (d) 15 wt. % Al2O3 
 
Figure 4.16:  Volume loss versus sliding distance for Mg-Zn/HAP/ Al2O3 107 
composite (a) 5 N, (b) 10 N, (c) 30 N and (d) 50 N  
 
Figure 4.17:  Specific wear rate versus load for Mg-Zn/HAP/Al2O3 composite   111 
 
Figure 4.18:  Friction coefficient for Mg-Zn/HAP/ Al2O3 composite  113 
  with different load (a) 5 N, (b) 10 N, (c) 30 N and (d) 50 N (e) 
   and average fiction coefficient 
 
Figure 4.19:  Scanning electron microscopy showing the worn surface   117 
 using 30 N applied load of (a) 0 wt. %, (b) 5 wt. %, (c) 10 wt. %  
 and (d) 15 wt. % Al2O3 for the Mg-Zn/HAP/Al2O3 composite  
 
Figure 4.20:  Scanning electron microscopy showing the worn surface   119 
using (a) 5 N, (b) 10 N, (c) 30 N and (d) 50 N for 5 wt. Al2O3  
for the Mg-Zn/HAP/Al2O3 composite 
 
16 
 
 
Figure 4.21:  SEM image and EDX analysis for 0 wt. % Al2O3 composite  120 
 
Figure 4.22:  XRD pattern of Mg-Zn/HAP/ Al2O3 hybrid composite  121 
incorporate with (a) 5 wt. % (b) 10 wt. % (c) 15 wt. % and  
(d) 20 wt. % of HAP and Al2O3 with ration 2:1 
 
Figure 4.23:  Optical Microstructure for (a) 5 wt. % (b) 10 wt.  % 116 122 
(c) 15 wt. % and (d) 20 wt. % of ceramic  
 
Figure 4.24:  Average grain size for Mg-Zn/HAP/ Al2O3 hybrid 123 
  composite with different ceramic content 
 
Figure 4.25:  SEM Image for Mg-Zn/HAP/Al2O3 hybrid composite  124 
  (a) 5 wt. % (b) 10 wt.  % (c) 15 wt. % and (d) 20 wt. % of ceramic 
 
Figure 4.26:  Hardness result for Mg-Zn/HAP/Al2O3 hybrid composite  127 
with different ceramic content 
 
Figure 4.27:  Compression strength for Mg/Zn/HAP/ Al2O3 hybrid  128 
  composite with different ceramic content 
 
Figure 4.28:  Potentiodynamic polarization curve for Mg-Zn/HAP/Al2O3  131 
composite in HBSS  
 
Figure 4.29:  The average weight loss for Mg-Zn/HAP/Al2O3 hybrid  133 
composite with 2 and 4 h immersion time 
 
Figure 4.30:  Optical image of corroded Mg-Zn/HAP/Al2O3 hybrid 135 
  composite after the immersion test in HBSS solution 
17 
 
 
Figure 4.31:  SEM Image Mg-Zn/HAP/ Al2O3 for 2 h immersed in HBSS 137 
(a) 5 wt. % (b) 10 wt. % (c) 15 wt. % (d) 20 wt. % with 10µm 
magnification (d) and insert image with 1k magnification 
 
Figure 4.32:   The EDX and image of Mg-Zn/HAP Al2O3 after immersion test  139 
for 2h 
 
Figure 4.33:  XRD pattern of Mg-Zn/HAP/ Al2O3 hybrid composite after  140 
immersion in HBSS for 2 h with (a) 5 wt. % (b) 10 wt. % 
(c) 15 wt. % and (d) 20 wt. %  
 
Figure 4.34:  SEM Image Mg-Zn/HAP/ Al2O3 for 4 h immersed in HBSS 143 
(a) 5 wt. % (b) 10 wt. % (c) 15 wt. % (d) 20 wt. %  
 
Figure 4.35:  XRD pattern of Mg-Zn/HAP/ Al2O3 hybrid composite after  144 
immersion in HBSS for 4 h with (a) 5 wt. % (b) 10 wt. %  
(c) 15 wt. % and (d) 20 wt. %  
 
Figure 4.36:  Volume loss versus sliding distance for Mg-Zn/HAP/Al2O3  146 
hybrid composite (a) 5 N (b) 10 N, (c) 30 N and (d) 50 N 
 
Figure 4.37:  The specific wear rate versus load for Mg-Zn/HAP/ Al2O3   149 
 hybrid composite 
 
Figure 4.38:  Friction coefficient of composite and hybrid composite as a  151 
function of sliding distances at (a) 5 N (b) 10 N (c) 30 N and 
(d) 50 N and (e) average friction coefficients 
 
Figure 4.39:  Distribution of elements in 20 wt. % of ceramic content in   154 
 Mg-Zn/HAP/Al2O3 hybrid composite using EDX line analysis 
 
Figure 4.40:  Distribution of elements in 20 wt. % of ceramic content in  155 
18 
 
  Mg-Zn/HAP/Al2O3 hybrid composite using EDX mapping 
  analysis a) SEM Image (b) Whole image for mapping analysis  
  (c) Mg, (d) O, (e) Fe, (f) Al, (g) P, (h) Ca and (i) Zn. 
 
Figure 4.41:  Scanning electron microscopy showing the worn surface  157 
  using 30 N applied load of (a) 5 wt. %, (b) 10 wt. %,  
  (c) 15 wt. % and (d) 20 wt. % 
 
Figure 4.42:  Scanning electron microscopy showing the worn surface  159 
  using 5, 10, 30 and 50 N for 5 wt. % ceramic content for 
   Mg-Zn/HAP/Al2O3 hybrid composite 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
19 
 
LIST OF ABBREVIATIONS 
 
Ar   Argon 
BPR   Ball to powder weight ratio 
BSE   Back scattered electron 
EDX   Energy Dispersive X-ray 
FESEM  Field Emission Scanning Electron Microscopy 
MA   Mechanical alloying 
MMC   Metal Matrix Composite 
PM   Powder Metallurgy 
XRD   X-ray Diffraction 
Co-Cr-Mo  Cobalt-Chromium-Molybdenum 
HAP   Hydroxyapatite 
Al2O3   Alumina 
Ti   Titanium 
NaCl   Sodium Chloride 
Al   Aluminum 
Mg   Magnesium 
Ca   Calcium 
Zn   Zinc 
20 
 
Mn   Manganese 
Ta   Tantalum 
Nb   Niobium 
Ni   Nickel 
Li   Lithium 
Zr   Zirconium 
SiC   Silicon Carbide 
RE   Rare Earth 
RDA   Recommend Diet Allowance 
SBF   Simulated Body Fluid 
Mg(OH)2  Magnesium Hydroxide 
ROM Rule of Mixture 
HBSS Hanks Balanced Salt Solution 
Mg2+ Magnesium ion 
HCP Hexagonal Closed Packed 
CaO Calcium Oxide 
PLLA Poly (lactic acid) 
PGA Poly (glycolic acid) 
 
 
21 
 
LIST OF SYMBOLS 
 
2θ   Diffraction angle 
Hv   Vickers Hardness 
V   Volume 
Ecorr   Corrosion potential 
icorr   Corrosion current density 
Tm   Melting temperature 
MPa   Mega Pascal 
GPa   Giga Pascal 
BC Before Christ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
22 
 
SIFAT BIO-SERASI KOMPOSIT HIBRID BERASASKAN ALOI Mg-Zn 
DIFABRIKASI SECARA METALURGI SERBUK 
ABSTRAK 
Dalam kajian ini bahan logam biodegradasi dan bioaktif magnesium-
zink/hidrosiapatit/alumina (Mg-Zn/HAP/Al2O3) difabrikasi melalui metalurgi serbuk 
telah dibangunkan. Objektif utama kajian ini adalah untuk mengkaji kesan kandungan 
dan nisbah berat partikel HAP dan Al2O3 terhadap sifat mekanikal, kakisan, bioaktivit i 
dan kehausan aloi Mg-Zn. Serbuk Mg, Zn, HAP dan Al2O3 dicampur menggunakan 
pengisar bola tenaga tinggi, dipadat pada 400 MPa dan disinter pada suhu 300˚C. 
Penambahan kandungan Al2O3 dari 0 hingga 15 wt. % di dalam hibrid komposit 
menunjukkan peningkatan kekerasan (57.60 Hv hingga 83.87 Hv) dan kekuatan 
mampatan (126.48 MPa hingga 244.20 MPa). Berdasarkan ujian polarisasi, 0 wt. % 
Al2O3 komposit (iaitu mengandungi 15 wt. % HAP) adalah paling lengai dengan 
potensi kakisan (-1.604V), dan paling rendah keamatan arus dan kadar kakisan (0.252 
µA/cm2, 1.25 mm/tahun) hasil daripada pertumbuhan apatit di dalam larutan garam 
seimbang Hanks (HBSS). Manakala 5 wt. % Al2O3 (iaitu mengandungi 10 wt. % HAP) 
menunjukkan rintangan kehausan paling tinggi disebabkan ketinggian kekerasan 
Al2O3. Komposit dengan kandungan 20 wt. % (nisbah HAP dan Al2O3 2:1) 
menunjukkan kekerasan rendah (67.03), kekuatan mampatan rendah (138.67 MPa), 
kadar kakisan tinggi (2.34 mm/tahun) dan rintangan kehausan dengan kehilangan 
isipadu terendah (4.9 hingga 14.6 x 10-4 mm3). Keseluruhannya, komposit hibrid 
dengan penambahan 5 wt.% Al2O3 dan 10 wt. % HAP pada nisbah 2:1 mempamerkan 
keputusan yang paling baik untuk aplikasi implant bioperubatan. 
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PROPERTIES OF BIOCOMPATIBLE Mg-Zn ALLOY BASED HYBRID 
COMPOSITE FABRICATED BY POWDER METALLURGY 
 
ABSTRACT 
 
In this study, biodegradable and biactive metallic material of magnesium-
zinc/hydroxyapatite/alumina (Mg-Zn/HAP/Al2O3) hybrid composite fabricated by 
powder metallurgy was developed. The main objective of this work was to investigate 
the effects of HAP and Al2O3 amount of content and weight ratio on mechanica l, 
corrosion and wear behaviour of Mg-Zn based alloy. The powders of Mg, Zn, HAP 
and Al2O3 were mixed in a high energy ball mill, compacted under 400 MPa and 
sintered at 300˚C. The increasing Al2O3 content from 0 to 15 wt. % in the hybrid 
composite resulted in improvement in hardness (57.60 Hv to 83.87 Hv) and 
compression strength (126.48 MPa to 244.20 MPa). Based on polarization test, 0 wt. 
% Al2O3 composite (i.e. consist of 15 wt. % HAP) is the most noble with corrosion 
potential (-1.604 V) and the lowest current density and corrosion rate (0.252 µA/cm2 , 
1.25 mm/year, respectively) due to apatite formation in Hanks Balanced Salt Solution 
(HBSS). While 5 wt. % Al2O3 (i.e. with 10 wt. % HAP) shows the highest wear 
resistance due to high hardness of Al2O3. Composite with 20 wt. % ceramic (HAP and 
Al2O3 with 2:1weight ratio) exhibited low hardness (67.03 Hv), low compressive 
strength (138.67 MPa), high corrosion rate (2.34 mm/year) and the low volume loss 
due to wear (4.9 to 14.6 x 10-4 mm3). Overall, hybrid composite with addition of 5 
wt.% Al2O3 and 10 wt. % HAP at weight ratio 2:1 displayed the best properties, for 
biomedical implant application. 
 
 
